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APPENDIX B

COMPARATIVE ANALYSIS OF SYSTEM PROPOSALS

The FCC has proposed licensing additional NVNG MSS systems in the spectrum
allocated at WARC-92. The following analysis evaluates the viability of each of the Notices’
proposed license allocations: Little LEO System 1, System 2 and System 3. In summary this
analysis indicates that the proposed approach does not make efficient use of the available
spectrum and will not support economically viable competitors. As a result of this analysis Leo
One USA recommends an alternative proposal that maximizes the efficient use of the spectrum
and supports two economically viable systems: System A and System B. Support for this
conclusion is presented below and in the accompanying economic analysis contained in
Appendix A. Finally, an analysis is made of the increase to the Orbcomm system capacity if its
pending second round amendment requesting additional spectrum is granted, rather than
introducing additional competitive systems.

Because Orbcomm represents the largest licensee, Orbcomm’s 36 satellite system is used
as the relative standard for comparing the capacities of the three spectrum allocations proposed
by the Commission, the alternate two allocations proposed by Leo One USA, and Orbcomm’s
proposed modified allocation. The following sections calculate what the capacity of Orbcomm’s
36 satellite system would be if it were constrained to operate in each of the proposed allocations.

Orbcomm’s authorized 36 satellite system consists of four planes of eight satellites each
inclined at 45° to the equator and two planes of two satellites each inclined at 70°. The 45°

inclined planes are separated by 135°, the satellites in each plane by 45°, and the inter-plane



phasing angle is 0°. The 70° inclined planes are separated by 180°, the satellites in each plane by
90°, and the inter-plane phasing angle is 0°.

Assuming a 10° elevation mask, an average of 1.4 satellites are visible to a subscriber at
36° latitude. Each satellite has a subscriber downlink capacity of 9.6 kbps. Thus Orbcomm’s
average subscriber downlink capacity is 1.4 x 9.6 kbps x 86,400 sec/day = 1,160 Mbits per day.

To achieve this capacity, Orbcomm uses 320 kHz of spectrum in the 137 - 138 MHz
downlink band, 270 kHz for subscriber links and 50 kHz for gateway links. Orbcomm also has
access, on a shared basis, to 995 kHz of spectrum in the 148 - 149.9 MHz band, 50 kHz of which
is used for gateway uplinks and 945 kHz for subscriber uplinks. Since Orbcomm had the
opportunity to engineer its spectrum requirements, it is assumed that Orbcomm’s system is
balanced, i.e., that the 945 kHz of shared 149 MHz subscriber uplink spectrum supports the same
1,160 Mbits per day.

Orbcomm uses 15.6% (50 kHz out of 320 kHz) of its available downlink spectrum for
gateway operation, the same ratio is assumed for the proposed allocations. Orbcomm’s uplink
and downlink gateway spectrum is balanced, 50 kHz in each direction, the same balance is
assumed for the proposed new allocations.

For purposes of comparison, Starsys’ authorized 24 satellite system consists of six planes
of four satellites each inclined at 53° to the equator. The planes are separated by 60°, the
satellites in each plane by 90°, and the inter-plane phasing angle is 0°.

Assuming a 10° elevation mask, an average of 1.22 satellites are visible to a subscriber at

36° latitude. Each satellite has a subscriber downlink capacity of 2.4 kbps. Thus, Starsys’



average subscriber downlink capacity is 1.22 x 2.4 kbps x 86,400 sec/day = 253 Mbits per day,
approximately 22% of Orbcomm’s capacity.

Table 1 summarizes the results. Table 2 describes the proposed frequency pairing for
System A and System B. The conclusion is that System 1 is economically unviable, System 2 is
non-optimal, and System 3 is both economically unviable and competitively handicapped by
being prohibited in its allocation from serving maritime and aeronautical markets. Systems A
and B make efficient use of the spectrum, create two economically viable licensees and are able
to serve land, maritime, and aeronautical markets, effectively leading to a competitive
marketplace.

Table 1. Capacity of Orbcomm System if Operated in NPRM System 1, 2, or 3, or if Operated in
New System A, or B or if Orbcomm Second Round Amendment is Granted.

Downlink Uplink Balanced
as % of Orbcomm as % of Orbcomm as % of Orbcomm

NPRM System-1 5.7% 9.1% 5.7%
NPRM System-2 92% 84% 84%
NPRM System-3 85% 16% 16%
System A 90% 98% 90%
System B 92% 98% 92%
Modified Orbcomm 128% 116% 116%




Table 2. Frequency Pairing for Proposed System A and System B

System A System B Sharing
Uplink 148.905 - 149.810 MHz | 148.905 - 149.810 MHz | with Orbcomm and terrestrial
149.810 - 149.855 MHz | 149.855 - 149.900 MHz | time-shared with VITA
150.000 - 150.050 MHz | 149.950 - 150.000 MHz | LMSS and shared with RNSS
Downlink | 400.150 - 400.505 MHz time shared with DMSP
400.505 - 400.5517 MHz time shared with VITA
400.645 - 401.000 MHz time shared with DMSP
Downlink 137.025 - 137.175 MHz | time shared with NOAA
137.333 - 137.367 MHz | time shared with NOAA
137.753 - 137.787 MHz | time shared with NOAA
137.825 - 138.000 MHz | time shared with NOAA




NPRM System 1

The Commission proposes that this system use the 149.81 - 149.9 MHz band for uplink
and the 400.5050 - 400.5517 MHz band for downlink. All of this spectrum must be time-shared
with VITA, which is authorized to operate a one satellite system. At 36° latitude, the VITA
satellites will be visible approximately 5% of the time. Downlinks in the 400 MHz band require
Doppler guard bands 2.9 times larger then those at 138 MHz. Each Orbcomm downlink channel
requires 6.1 kHz of Doppler guard band. At 400 MHz, each downlink channel requires 17.7 kHz

of Doppler guard band. Thus 11.6 kHz of additional guard band is required for each downlink

channel.

o Downlink [400.5050 - 400.5517 MHz]

Available downlink spectrum 46.7 kHz

-15.6% for gateway operation -7.3kHz
same ratio as Orbcomm

-23.2 kHz additional Doppler guard bands for two channels -23.2 kHz
one gateway and one subscriber

=Equivalent 138 MHz subscriber downlink spectrum 16.2 kHz

x 1,160 Mbits per day / 270 kHz 70 Mbits/day

-5% cessation of transmission to coordinate with VITA - 4 Mbits/day
NPRM @ 46

Total Downlink Capacity 66 Mbits/day
As a percentage of Orbcomm capacity 57%



o Uplink [149.81 - 149.9 MHz]

Available uplink spectrum 90 kHz

-spectrum for gateway operation -7.3kHz
balance with downlink

=Effective subscriber spectrum 82.7 kHz

x 1,160 Mbits per day / 945 kHz 102 Mbits/day

-5% cessation of transmission to coordinate with VITA -5 Mbits/day
NPRM @ 46

Total Uplink Capacity 97 Mbits/day
As a percentage of Orbcomm capacity 8.4%

System-1 provides 5.7% of Orbcomm’s balanced capacity.




NPRM System 2

The Commission proposes that this system use the 148.905 - 149.81 MHz band for
uplinks and a number of segments of the 137 - 138 MHz band for downlinks. The uplink
spectrum is shared with Orbcomm. The 137.333 - 137.367 MHz and 137.753 - 137.787 MHz
segments are available for 100% duty-cycle utilization after the NOAA satellites become

inoperable. Use of the 137.025 - 137.175 MHz and 137.825 - 138 MHz segments must be time-

shared with NOAA.

e Downlink [137 - 138 MHz]

Available downlink spectrum 393 kHz
-15.6% for gateway operation -61 kHz
same ratio as Orbcomm

= Equivalent 138 MHz subscriber downlink spectrum 332kHz

x 1,160 Mbits per day / 270 kHz 1,426 Mbits/day

-25% cessation of transmission to coordinate with NOAA -357 Mbits/day
NPRM @ 55 & 70

Total Downlink Capacity 1,069 Mbits/day
As a percentage of Orbcomm capacity 92%

e Uplink [148.905 - 149.81 MHz]

,

Available uplink spectrum 905 kHz
-50 kHz for avoiding Orbcomm’s gateway -50 kHz
-gateway operation -61 kHz
balance with downlink

=Effective subscriber spectrum 794 kHz

x 1,160 Mbits per day / 945 kHz 975 Mbits/day

Total Uplink Capacity 975 Mbits/day
As a percentage of Orbcomm capacity 84%

System-2 provides 84% of Orbcomm’s balanced capacity.




NPRM System 3

The Commission proposes that this system use the 149.95 - 150.05 MHz band for
uplinks, and the 400.150 - 400.505 MHz and 400.645 - 401 MHz band segments for downlinks.
Downlinks in the 400 MHz band require Doppler guard bands 2.9 times larger then those at 138
MHz, thus 11.6 kHz of additional guard band is required for each downlink channel. The uplink
spectrum is allocated for land-mobile satellite service (LMSS) and thus this system will be
precluded from providing service to airplanes and ships. The uplink spectrum is also shared with
the Russian radio-navigation satellite service (RNSS). The downlink spectrum must be time-
shared with DMSP. Each DMSP satellite is assigned one of the two sub-bands, footprint overlap

with a DMSP satellite requires that this system cease transmission in that sub-band.

¢ Downlink [400.150 - 400.505 MHz & 400.645 - 401 MHz]

Available downlink spectrum 710 kHz
-Gateway spectrum with increased Doppler guard bands -123 kHz
1 channel in each segment required for DMSP coordination
-244 kHz additional Doppler guard bands for 20 channels -244 kHz
10 channels per segment using all available spectrum
= Equivalent 138 MHz subscriber downlink spectrum 343 kHz
x 1,160 Mbits per day / 270 kHz 1,474 Mbits/day
-33.3% cessation of transmission to coordinate with DMSP -491 Mbits/day
20% both sub-bands & 26.6% one sub-band
Total Downlink Capacity 983 Mbits/day
As percentage of Orbcomm capacity 85%



e Uplink [149.95 - 150.05 MHz]

Available uplink spectrum 100 kHz

-Gateway spectrum -50 kHz
balance with downlink

=Effective subscriber spectrum 50 kHz

5 10-kHz channels @ 2.4 kbps each 373 Mbits/day
reduced by 36% S-ALOHA efficiency

-50% to account for RNSS sharing -186 Mbits/day

Total Uplink Capacity 187 Mbits/day
As percentage of Orbcomm capacity 16%

System-3 provides 16% of Orbcomm’s balanced capacity. Additionally, this
system is severely handicapped by only being able to address Land Mobile
Satellite Services whereas Orbcomm can address Land, Maritime, and
Aeronautical Mobile Satellite Services.




